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ON 



LAND-DRAINAGE, SUBSOIL-PLOUaHING 

AND IRRIGATION. 



Of all those improvements wliich the increase of wealth 
and popiilation has occasioned to the agriculture of the 
country, none was, until within these few years, in so 
backward a state as that of drainage. Notwitlistanding 
the improved fertUity of those soils on which, in some few 
instances, it had been carefully tried, the owners and 
occupiers of the land seemed generally insensible to its 
value ; and there was among them an unaccountable degree 
of apathy to its adoption, caused probably both by want 
of due information regarding the best modes of carrying it 
into effect, as well as by disinclination to incur the 
expense. 

Our farming ancestors, althoujgh constituting an estimable 
race of sturdy yeomanry, were, indeed, mostly ignorant 
men. Working upon small holdings, and with such slender 
capital as seldom to inspire any thought of obtaining from 
them more than a decent subsistence. Rents were paid 
chiefly in kind from the produce of the ground and personal 
service ; the population was scanty ; the product of the soil 
comparatively trifling ; and large portions of the kingdom 
were either under forest, or in a state of unproductive 
waste. It may, therefore, be naturally supposed that little 
value was set upon land apparently so worthless ; and it 
was not until long after the abolition of the feudal system 
that any attention was paid to its improvement. Even 
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then^ although &nners might endeavour to carry off the 
waste water from the surface of their laud^ by cutting a 
few furrows across a field to communicate widi the ditch 
by which it was bounded^ yet such an operation as that of 
the present manner of under-drainage^ for the purpose of 
laying the land permanently dry, was hardly known to 
them ; for although remains have been found of some y^ry 
ancient land-drains, they were only made either on the 
demesne of some wealthy baron, or, not improbably, on 
estates belonging to the monks, who were then the only 
enUghtened husbandmen in the kingdom. The drainage 
of the fens in Lincolnshire and Cambridge, although a 
public measure of national importance proposed in the 
reign of James I., was not actually commenced until the 
time of the Protectorate, when it was undertaken by 
foreigners ; and the present state of the Bedford Level is 
mainly due to the exertions of Colonel Vermuyden, a 
Dutchman in the service of Oliver Cromwell, who was 
himself a fanner, and a warm friend to agriculture.* His 
countenance, added to the political circumstances of the 
times, then induced many persons of means and education, 
who had been engaged in the civil war, to turn their 
attention to farming on the cessation of hostilities ; and a 
still furtiier impulse was added to it by the subsequent 
introduction of the turnip husbandry, which, in a great 
degree, altered the previous system of culture, by the pro- 
gressive advancemtent of alternate com and green crops, 
to which is chiefly owing our present eminent station as 
agriculturists. 

The turnip husbandry, however, demands a comparatively 
dry soil; for one of the greatest advantages attendant upon 
the growth of the root arises from the power of having it 

* There is existing, however, the record of aa ineffectual attempt made 
by a company of Flemings so long ago as in the reign of Henry VII«« re- 
ferring, as it is supposed, to the same object. 



eaten off by skeep xzpon tlie ground^ and thus effectually 
manuring it without expense. The propriety of adopting 
this practice became apparent from the evident increase 
which it occasioned in the crops of grain^ as well as by the 
consequent increase of rent justly demanded by landlords 
for soils of a description adapted, either by nature or by 
art, to its operation ; and this, together with the certainty 
that land chilled by stagnant water can never make a 
profitable return for the labour of tillage, induced a greater 
attention to drainage. Still, the difficulty at that time 
of conducting it scientifically, and the failure in several 
instances of the principles put forward on the subject by 
EUdngton, added to the sums of money thrown away in 
unskilftd management, caused a temporary check to its 
general use. Farmers, however, having learned from 
experience that manures, whether caustic or putrescent, 
do not impart their intended benefit to wet soils, while 
t^ose laid upon gravels, loams, or land of a light porous 
nature, (if not resting upon an impervious stibsoil,) act to 
the fall extent of their powers upon vegetation, are at 
length convinced that the only means to be relied on for 
the correction of this serious evil is — to render the ground 
dry by drainage. 

It is, indeed, so essential to the due effect of all kinds 
of manure, that in the application of lime it is indispen- 
sably requisite not only that the ground should be in a 
dry condition, but also that the lime be laid on it in the 
driest season : bone-dust is now weU known to be in- 
effectual on wet soils ; and even stable-dimg has com- 
paratively less power on land in a humid state than on 
that which has been drained.* 



* '* Although HmiB readily decomposes yegetable matter, it yet only de- 
composes it adTantageously in dry soil, or soil rendered dry by draining, the 
moisture in wet land rendering it effete before it has time to act chemically on 



Soils of yarious kinds are in many cases infested with, 
surface springs^ which may frequently be got rid of with 
comparatiye ease by open drains, which lay the land 
tolerably dry wherever there is sufficient declivity to carry 
off the water ; although, if these be cut on pasture-land^ 
they are subject tx> this objection^ that^ if sheep be fed upon 
it^ they sometimes render the &t stock liable to the accident 
of being cast. If^ however^ those springs be lower down, 
and found at different distances in alternate strata of sand 
and clay, or gravel, their depth should be ascertained by 
boring ; as the land can never be laid dry until perforated 
to the bed of impervious subsoil upon which those strata 
rest, and upon which covered drains must be sunk for the 
complete escape of the superabundant moisture. It should 
also Be borne in mind, that, aldiough open and covered 
drains may have partly similar effects, they are yet essen- 
tially different in execution, and should never be used 
together in the same operation ; for if the surface water be 
allowed to get into the covered drains, the sand and earth 
which it will carry into their channels will be apt to choke 
them up. 

Heavy clays also, like those, for instance, in the wealds 
of Kent and Sussex, or any land retentive of water, and 
lying upon a dead level, can never be rendered efficiently 



the yegetable matter in the soil. Before the application of lime in any cir^ 
cumstances land should therefore be thoroughly drained." — F. 175. 

<* Whatever may be the chemical action of hone-duat on soils, we can 
assert with confidence that bone-dust will impart no richness to any kind 
of soil unless the land is either naturally dry or has been drained, and the 
more thoroughly it is drained the greater effect will bone-dust have upon it 
as a manure." — ^P. 176. 

<*The perceptible dampness in undrained soils dissolyes the soluble 
portion of farm-yard manure, which, by its grayity, descends beyond the 
rootlets of young plants, whilst the strawy portion remains undecomposed 
for a length of time, which may account for the invariable languid Tegetataon 
of plants, while young, in undrained land.''— F. 173.-— Quart. Journal of 
Agric, N.S., No. 38. 



productive without the most thorough under-ground drmn- 
age/ for^ the water being upheld upon the surface during 
the winter^ the ground must be ridged up at a great 
expense of toil and wages for the purpose of exposing it to 
the sun and air ; yet stiU yegetation flags until an adyanced 
period of summer sunshine evaporates the injurious humid* 
ity occasioned by the falls of snow and rain. In this state^ 
indeed^ may be found some of the richest land in the king- 
dom^ consisting of alluvial layers of absorbent earth over a 
substratum of adhesive clay^ with a surface of little or no 
declination^ which^ thus retaining the superfluous moisture^ 
retards the progress of vegetation ; added to which, if the 
land be in grass, it will be materially injured by the poach- 
ing ofl cattle pastured upon it in wet weather ; and, if sheep 
be put upon it in autumn, it will go far to rot them. 

Hence the plants become sickly, the harvests are gene- 
rally late as well as precarious, and the crops not imfre- 
quently deficient in both quantity and sample. Yet numerous 
instances might be adduced of not only such lands, but of 
soils of every description, which were reduced almost to the 
state of worthless swamps by the retention of stagnant 
water, having been converted into sound turnip land, 
worth more than double the rent at which they were 
originally held ; and that simply by the simultaneous 
operation of subsoil-ploughing and under-draining^ at an 
expense which, in many cases, has been repaid by the 
.increased value of a couple of crops. Indeed, it appears, 
by a communication recently received from Mr Robson, 
the land-agent of Earl Grey, in Northumberland, that the 
entire charge of drainage has been covered by a single 
crop of Swedes; and many communications fi:om other 
quarters have been made to the same effect. 

Notwithsta;nding a manifest disinclination on the part 
of most farmers to afford information on the profits of 
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drainage,* yet, in order to remove any doubt whicH might 
be entertained of the success of the operation, the following 
accounts, taken from a variety of cases, may be not in- 
appropriately quoted. 

One of these, lately published^ contains the particulars of 
a purchase made by Mr. Denison, of Kilnwick Percy, of 
about 400 acres of rabbit-warren, of an apparently sterile 
sand, with a heavy ferruginous subsoil, the hills covered 
with heather, and the hollows a bed of marshy aquatic 
plants. The cultivation had been abandoned; as it was 
found, though pared and bumt^ not to produce more than 
three quarters an acre of oats, and the land was let at 
2s. 6d, the acre. Mr. Denison then subsoil-ploughed a 
portion of it, and tile-drained it with soles at every twelve 
yards apart, at the cost of 51. 4$. 8d. the acre, exclusive of 
the carriage of the tiles from the manufactory. The land^ 
being afterwards manured in the common way, has produced 
ten and a half quarters per acre of Tartarian oats, which 
fetched 26^. per quarter ; and now bears wheat and oats on 
a property which was previously considered useless.j 

In the same publication it is also stated, that some land 
belonging to the Rev. Mr. Croft, of Hutton Bushel, which 
was not thought worth 5s. an acre, is now let at a guinea: 
" evidendy from the effect of the drainage by the breaking 
up of the Moor- Pan." J 

Sir James Graham likewise mentions his haviag recently 



* Of this, howeyer, there are exceptions ; as, for instance, Mr. Dudgeon, 
a tenant on the Falkland estate, in Scotland, has giyen a yery detailed and 
interesting account of the drainage, which he concludes by stating ** that 
the effect of the operation has been to conyert a yery considerable extent 
of land, a great part of which was formerly a mere swamp, into a rich and 
fertile soil, now producing luxuriant crops of oats, turnips, and grass." See 
Prize Essays of the Highland Soc, N.S., yol. ii. p. 74. 

t See Transactions of the Yorkshire Agric. Soc. ; and Journal of the 
Royal Eng. Agric. Soc, yol. ii. art. 2. 

{ Journal of the Royal Eng. Agric. Soc, yol. ii. p. 85. 
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let a farm at 20^. an acre, after its haying been subsoil- 
ploughed and drained, which had been valued before the 
operation took place at 4y. 6d. per acre.* The cost of 
this improvement was 61. 18*. 4rf., as follows : — 
70 roods of draining^ cuttings 
laying the tiles^ and upfillingj 
at 4d. per rood .... 
1500 tiles per acre^ at 30*. per 

thousand 

Carriage of do., 6*. per do. 

Do. of turf for covering the tiles, 

and cutting do.^ 70 roods^ at 

6rf. per rood 1 15 

Ploughing with the Deanston 

plough^ and four horses . . 16 
Thus yielding an annual interest of rather more than 
eleven per cent, on the outlay. 

I have moreover the authority of the Marquess of 
Tweeddale for fitating^ that the increased product of his 
home farm^ at Tester^ in Scotland^ has been nearly two- 
thirds on most of the crops^ and in some cases much more^ 
upon all the land which has been subsoil-ploughed and 
drained. One field, indeed, which his Lordship declares 
to have formerly carried only 17 bushels of oats per acre, 
has given 67 bushels of barley, after having been trench- 
ploughed and drained. 

These improvements by means of drainage, although 
clearly evincing its importance, both to the landlord in 
the increased value of his property, and to the farmer in 
the production of his crops, axe yet less decisive than that 
which I shall here briefly attempt to describe. 

The extra-parochial place of Teddesley Hay, in Stafford- 

* Journal of the Royal Eng. Agric. Soc, vol. i. p* 32. 
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shire, is the residence of Lord Haiherton, and cont^siuuE 
2586 acres. It was originally part of the forest of Cannoc^^k:^ 

and, with the exception of two anciently enclosed paxkis? 

one of them containing 589, the other 198 acres — continita_^<i 
unenclosed tiU the year 1820, when the whole becaxxxe^ 
either by allotment or purchase, the property of his lioard— 
ship. 

Since then Lord Hatherton has been engaged in layizxgr 
out this tract and the adjoining land in a manner suitable tx> 
the neighbourhood of his residence, by maldng large plant;— 
ations and an extensive farm; the old park fences having- 
been thrown down, and the whole of the lands subjected 
to a new arrangement. 

The extent of the farm-lands is 1832 acres, comprising sl 
range of high and dry hills to the east, adjoining Cank 
Chace, which hiUs were formerly an extensive rabbit- 
warren, covered with heath, or fern. From the hills iiie 
lands slope gradually, with slight undulations to the west, 
down to the River Penk — a distance of somewhat about 
three miles. 

Having heard this tract of land below the hills mentioned 
as exhibiting in a striking manner the results both of judi- 
cious draining and employment of the water so obtained, I 
took an opportunity of visiting the place in the latter end 
of May, 1841. I was conducted over it by Mr. Bright 
(the respected land-steward in the management of the 
property), who gave me the details contained in this 
paper; and, on riding through the farm, — ^which then 
presented an appearance of the most luxuriant vegetation, 
' — described to me the condition of the lands in 1820. 
The larger park, which had been long divided into fields, 
was ill cultivated, and the lesser park might be fairly 
viewed as one bed of rushes. The circumjacent common- 
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lands were also covered with heath or rushes^ and^ in the 
lower partS; with alder. The extent of surface which did 
not require draining was comparatiyely small; and the 
whole consisted generally of a light soil, rather inclined to 
peat; the subsoil being chiefly a stiff clay. 

While the enclosure was in progress^ some very deep 
drains were made in the marshy lands of the larger paxk^ 
which were effectually drained, and from which large 
volumes of water now issue. As soon as the enclosure was 
completed, other deep drains were made on several parts of 
the allotted waste, and for the most part with excellent 
effect. 

Things were in this state when Mr. Bright became agent 
to Lord Hatherton, about eleven years ago. He im- 
mediately conceived the notion of putting the waste 
allotments, containing a surface of nearly 600 acres, 
through a regular course of thorough drainage, and after- 
,^^r wards collecting the whole of the drain- water into two main 

j^jii channels; with the double intention of conducting one of 

them through the farm-yard, for the purpose of obtain- 
jjgif ing by it a water-power for various objects connected with 

the estate, and then employing it, in conjxmction with the 
other stream, in making an extensive tract of upland 
water-meadows. 

The plan occurred to him in consequence of there being 
no natural stream on any part of this land. It must how- 
ever be acknowledged to have been a bold attempt, which 
could only have been conceived by a comprehensive mind 
and a man of great practical knowledge ; but it was liber- 
ally seconded by his noble employer, and has been accom- 
plished with admirable success: as the following statements 
will sufficiently explain. 
First, as to Draining : — 
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The following is a statement of the improvement bj drain- 
age^ and the expenditure, during the ten years pre- 
ceding 1841, upon such parts of the estate as have been 
drained: — 
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The main drains have been laid about 3 feet deep^ 
with tiles about 5 inches wide by 12 inches long. The 
branch drains are about 2 feet 6 inches deep, and are laid 
with tiles about 4 inches wide by 12 inches long. The 
cost of the former was about 45^. and the latter about 35^. 
per thousaad, when purchased at the kiln. The cost of 
cutting and laying the main drains was about 1^. per rood 
of 8 yards^ and the small drains about 9d, per rood; but 
it should be observed that in this part of Staffordshire the 
labourers' wages are from 2s, to 3^ . per week higher than 
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tibey are in many other counties, on accotint of its being 
near the important iron and coal mines, as well as the Staf- 
fordshire potteries. In some of the valleys the substratum 
is of a loose mixture of sand and gravely and in those 
places it was found necessary to adopt drains varying from 
5 to 8 feet deep, which pour forth large bodies of water 
bodi in summer and winter. 

These lands having been effectually drained, Mr. Bright's 
next object was to collect so much of the drain-water as 
the levels permitted into two main carriers, for the purpose 
of employing them as a power to turn a miU-wheel> and 
afterwards to be applied in irrigation. For the former 
object, a small reservoir has been constructed, at a favour- 
able level, about half a mile distant from the farm, the 
buildings of which are in a central situation. Here at the 
farm-yard a mill has been built ; and it is a work which, 
both in its conception and execution, does infinite credit to 
Mr. Bright, for not only is there much merit in various 
contrivances by which the water is conducted to it, almost 
everywhere in covered drains and carriers, but it was neces- 
sary to seek a level to carry off the water at a considerable 
depth, by driving a head-way through a bed of hard sand- 
stone from a distance of about 500 yards. The stream of 
water was of course not sufficiently powerful to turn an 
under-shot wheel ; and> to enable it to act with force, it was 
necessary to bring it out to the upper part of a wheel of 30 
feet diameter. This wheel has been placed in the rock 35 
feet deep, and the head-way has been carried from the 
bottom through the rock, which comes out in a valley be- 
low, at the distance, above mentioned, of 500 yards. 

The Tnill and this channel for the water cost very little 
more than 1000/, : it works a thrashing-machine ; cuts 
hay and straw, and kibbles oats and barley for a stock con- 
sisting of about 250 horses and cattle ; grinds malt ; and 
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also turns a circular saw^ which does great part of the 
sawing for a large estate. The annual saving by this ma* 
chinery has been carefully estimated at about 400/.^ and it 
is stiU intended to apply the power to other purposes. 

From this wheels and firom another small carrier^ which 
is made to pass immediately under the farm-yard (where 
all the urine and moisture that runs from the manure is 
earefally collected in a reservoir, which overflows into the 
carrier), the water has been conducted over lands, — ^princi- 
pally uplands, — containing altogether 89 acres, at an ex- 
penditure of only 2241, 4s. lOd. : by which an improvement 
of 21. per acre has been effected, or 178/. per annum. This 
is Mr. Bright's calculation ; but it is difficult to estimate 
tJie importance of such an acquisition as 89 acres of pro- 
ductive water-meadow to a large farm like this, on which 
there is (especially on the upper part of it) a great quantity 
of very dry and thin soil. I know no other place in which 
drain-water has been turned to such good account; luckily, 
the water is all soft^ and good for irrigation. 

SUMMARY. 

TOTAL EXPENDITURE. 

Underdraining, as per statement 

For erecting water-wheel and machinery . 

Irrigation 224 

£2733 2 2 

TgTAL INCREASE IN VALUE COLLECTED. 

£ S. d. 

Lands underdrained, present value 689 13 1 

Original value 254 10 9 

435 2 4 

Estimated saving by the mill • . . • 400 

Increase in value of water-meadows . . 178 
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Being an increased annual value of . . £1013 2 4 
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resulting only from draming 467 acres, and employ- 
ment of the drain-'Water oyer 89 acres of land : affording a 
clear annual interest en the outlay of full 37 per cent ! 

The subsoil-draining, or mole-ploughy is a valuable im* 
plement in the operation of drainage ; and although the 
inventors of the various denominations now in use each 
claim different degrees of merits yet they all tend to the same 
object — that of loosening the tenacious substratum^ and 
thus allowing both the water to filter through it> and the 
roots of plants to spread themselves in search of nourish- 
ment. There is, however, much difference of opinion 
amongst those who have employed it : ** Some eminent 
farmers maintaining that it is lost labour, while others, 
equally eminent, think that no system of management is 
complete without it."* There have been, indeed, some 
extraordinary instances mentioned in the " Transactions of 
the Yorkshire Agricultural Society'* of conflicting testimony 
on the subject, made by men of equal credibility, whose 
experiments have shown totally opposite results; but it 
would seem that this must have arisen from the fact that, 
although the land upon which their trials were made ap- 
peared to be equally stiff, yet the soils were not of the 
same quality : the one being so much more clayey than the 
other, that it would run together in a wet season without 
exhibiting any symptom of having been under-ploughed.* 
The soil should, therefore, be analysed, to ascertain the 
quantity of alumen which it contains ; for if ^o large a 
portion as forty per cent, of that cohesive substance be 
found united with the other earths of which it is composed, 
the operation of subsoiling, without draining, will not, it 
may be feared, be permanently successful. 

If, however, the intention be merely to break through 

« Brit. Farm. Mag. for April, 1841, p. 109, and Journal of the Royal 
Eng. Agric. Soc, toI. ii. art. 2. 
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that indurated mass of matter termed '' moor-band/' or 
*' pan/* which is so frequently found imbedded between 
the upper and the lower layers of the soil^ the plough alone 
may have a decidedly good efifect ; but if the lower layer 
should contain so much tenacious clay as to be retentive 
of water, no benefit can be derived from it, unless it be 
connected with drainage. Of this, indeed, a remarkable 
instance has lately been related of an experiment made by 
that very highly-informed agriculturist the Kev. Mr. Bham ; 
of which the following is an extract: — 

" The field which was the subject of the experiment was 
once a portion of the open common in Windsor Forest, 
and brought into cultivation in 1813. The soil consisted 
of a very moderate loam, inclined to yellow clay, only a 
few inches in depth; the subsoil chiefly a stiff clay, but 
with occasional portions of a very gravelly loam, nearly 
impervious to water. The land, being slightly undulated, 
and sujBiciently inclined to let off the surface water by 
means of open drains, was usually dry enough to let the 
tiimips be fed off upon it by sheep ; and being pared and 
burnt, chalked and manured, it bore a fair average of 
crops. Six acres of this land were subsoilTploughed in 
1838, to the depth of 14 or 15 inches, by the Eackheath 
plough, which stirred the subsoil 9 to 10 inches deep, 
'Rafter a common swing-plough had made a furrow of about 
6 inches. The land was sown with turnips, but, the winter 
being wet. it was soon necessary to remove the sheep; and 
the groimd — ^which had been so loosened by the subsoil- 
ploughing as to hold water like a sponge — was found too 
hollow either to bear the cart-wheels or the tread of horses 
for carrying off the roots. The operation was, therefore, 
ruinous to the land, and the only effectual remedy was 
to underdrain it. This being immediately done with 
footed tiles, a copious mass of water ran out, and, soon 
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after the drains were covered over, the sheep were 
returned to the fold; the cart took the daily supply of 
turnips to the cows ; the following crop of oats was nine 
quarters per acre ; the field has been during the succeed- 
ing winters as dry and sound as any pasture on the ferm; 
and, according to a recent personal communication, ^ there 
is now standing on it a splendid crop of wheat' 

'^ The conclusion to be drawn from this experiment is," 
as Mr. B. says, '^important; as it shows that, wherever 
the subsoil is retentive of moisture, complete under- 
draining is essential, and the subsoil-plough should never 
be used until the water can run off below. It also shows 
what an improvement can be made on moderate land by 
the union of draining and subsoil-ploughing. The cost 
(which was 51, per acre) is nothing when compared with 
the result; and," he adds, ^^ I consider the sum laid out on 
this field as the most profitable investment I ever made." 
He concludes by saying, ^^ that the subsoil-plough does 
wonders in lands which have a porous subsoil, even when 
employed by itself; but, utdesi its application on stiff wet 
lands be accompanied with draining, it makes them worse : 
keeping in the water which would otherwise run off the 
surfiice."* 

All farmers are not aware that land^ if meant to be 
irrigated^ should be, in most cases^ even more deeply 
drained than common meadow. Although draining and 
irrigation are apparently of opposite means, they are yet 
equally beneficial in their effect on the herbage ; iox flowing 
water, if at complete command, so that it may be laid on 
and taken off at pleasure, and discreetly used by a skilful 
husbandman, invigorates and sweetens it, while stagnant 

* See « Experiments on the Improyement of Poor Lands/' by the Rey. 
W. L. Rham, yicar of Winkfield.— Journal of the Royal Eng. Agric. Soc, 
yol. i. art. 30. 

B 
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water fills the sward with grasses of the coarsest character. 
It is indeed thought by many intelligent graziers to engender 
an insect which spreads itself over marshy ground, and^ 
being there eaten by sheep along with the grass, is sup- 
posed to occasion the rot. Whether this be the &ct^ or 
not, it might be difficult to determine; but it is well known 
that, if land which is irrigated be not also thoroughly 
drained, it will, when pastured, occasion that fatal malady. 
Although no irrigated meadows can be said to be quite safe 
for sheep in the autumn, they are yet generally considered 
to be &ee from danger in the spring: but when the 
draiaage has not been duly performed, they have been 
known to cause the rot in all seasons; and it has in 
many cases been found necessary to deepen the draisSj 
for the purpose of completely removing the water. 

Some startling facts on this subject are stated 
in a yery interesting publication regarding the extraor- 
dinary success of irrigation on the estate of the Duke of 
Portland, in Nottinghamshire. One of which mentions that 
ewes and lambs fed upon a piece of land which had he&i 
drained in 1826, and regularly irrigated, invariably g8>ye 
them the rot in spring; until, in 1837, it was more 
effectually drained, and the out-fall rendered complete: 
since which all appearance of the disease has ceased. 

It is there laid down as an axiom dem<mstrated by a 
long course of experiments, " that a complete and perfect 
drainage df the bottom-water is absolutely necessary ; its 
noxious effects showing themselves at a depth and under 
circumstances which could hardly be credited by any but 
those who have actually witnessed them." It then sajh 
" it is not imcommonly held by persons conversant with 
draining^ that, if the land is filled with shallow drains, so 
that no tap'fvater can lodge, and that all battom-fffcft^ 
which should rise to the level of those drains should be 
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carried oSy then all that is necessary has been done. But 
if^ instead of shallow drains at 20 inches, the case shotdd 
be put of land well filled with drains at fiye feet deep, it 
would be doubted by few that such land would certainly 
be secured from all the bad effects of bottom-water.'' 
The account, however, mentions instances to the contrary, 
which it is unnecessary to copy; but it concludes by 
stating, ^' that to effect a perfect drainage, spring-water 
pressing upon the land should in all cases be cut off; and, 
in land to be watered, a more thorough drainage is requi- 
site than &r any other purpose :"* the truth of which no 
one who really understands the business professionally 
will seriously question; for irrigation adds so much to 
the springs that, in many cases, the drainage has to be 
done twice over. 

It cannot be doubted thatj if all superfluous moisture 
be removed from the ground, it will promote healthy 
v^etation, and in a great degree prevent the recurrence 
of that freqnrait injury to which the flocks of farmers axe 
exposed by the rot. The herbage will also be found so 
much richer, that the same quantity of hay will yield a 
greater amount of nourishment to live stock ; and, if sheep 
be fed upon the pasture, it will strengthen the staple of 
the wool. Nor is tliis all: it also checks those baneM 
fflchalations which cause the climate to be so dangerous in 
the fenny districts, and thus renders it, in every point of 
wealth, health, and comfort, a truly national object; which^ 
although it may be viewed as a secondary consideration by 

* John EyelynDeniBon, Esq., on the *' Duke of Portland's Water-Meadows 
at Clipstone Park." — Journal of the Roy. Eng. Agric. Soc, vol. i. art. 39. 

See also the " Quart. Joumal^of Agric./' yol. t. p. 503, in which an instance 
is mentioned of a large tract of land, which was constantly fed during fifteen 
years by ewes and lambs, without any symptom of rot ; but after being irri- 
gated and partially drained, although a great improrement was made in the 
quantity and quality of the herbage, yet, so far as the rot is coQicemed, it hu 
been equally fatal to eyery sheep fed upon it. 

b2 
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those who look solely to self-interest, yet cannot be treated 
with total disregard.* 

These observations may perhaps be thought needless; for 
the advantages arising to the soil firom its melioration^ hj 
thorough under-ground drainage, are now so justiy appre- 
ciated by its occupiers^ that they universally consider it as 
the standard basis of all essential improvement in the land^ 
and the main-spring of what may be distinctively termed 
" Good Husbandby." But so much depends upon the 
nature of the soil and subsoil^ and the inclination of the 
strata^ as well as the various localities of the lands intended 
to be drained^ that it is difficult to lay down rules for the 
process. It is, therefore, not to be wondered at that 
they do not agree as to the best modes of e£Fecting it: 
some using stone, or rubble, brush- wood, peat, turf, or any 
substance which may be at hand and obtained at trifling 
cost, and filling those " rumbling drains," as they are 
called, with rubbish ; witiiou# calling in the aid of a prac- 
tised land-surveyor to lay them down at the proper dis- 
tances, depths, and levels, to render them efficient; — 
imagining that in saving a littie expense they are gainers ; 
though, in fact, they frequently thus expend their time 
and money to littie good purpose, and verify the homely 
adage of being " penny-wise and pound-foolish." 

Every &rmer who is familiar with the use of the spirit- 
level conceives himself competent to the drainage of his 



* ** The hurtful effect of rime, or hoar-frost, onyeg^tation, is a circumstance 
familiar to all who haye had experience of cold eleyated districts, or of lower 
lands subject to exhalations, and is found, eyen in the warmest seasons, to 
he productiye of serious inconyenience to the growing crops, and that 
chiefly at the period when the grain is approaching to its maturer state. 
This eyil, it may be said, has been remoyed by drainage, and is now so little 
felt, that the grain produced in the yery hollows has for many years escaped 
the smallest perceptible injury from this cause." See Black's ** Account of 
the Drainage of an Estate in Berwickshire.'' — ^Frize Essays of the Highland 
Soc, N.S., yol. 1. p. 234. 
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land without the assistance of a surveyor ; and^ in cases 
applying solely to clays and surface-drains^ the object is 
generally well effected. But^ in springy 8oils> the springs 
must be sought for wherever they can be discovered, and 
the water carried from them in efficient conduits at what- 
ever depth they may be found ; for if the water be forced 
to find its way through the earth without artificial assist- 
ance^ the greater portion will remain there in a stagnant 
state : thus turning good land into bad^ and causing the 
injury to which allusion has already been made. This, 
however^ demands more scientific knowledge than most 
farmers possess; and if they have land of that nature to 
drain^ they would do much better to employ a professional 
man to commence and superintend the work^ than to rely 
upon their own judgment, and thus, perhaps, injure their 
land by unskilful management. In being thus guided by 
a person who is in the constant habit of laying out drains, 
and who has the opportunity of observing their operation 
and effect in every variety of situation and soil, they will 
assuredly find that many errors inseparable from first trials 
will be avoided, and much expense saved in the prosecution 
of the practical details ; while his charges will be but trifling 
in comparison with the advantages which wiU probably be 
derived from his directions.* 

Of this any one who is aware of tlie great difference in 
the nature of soils must be sensible, if he reflects for a 
moment upon the ^l/fs which should be taken previous to 
the drainage of an mate. First, the surveyor has to make 
himself accurately acquainted with both the nature of the 
adjoining land, and its inclination, if it be higher than that 
to be drained. He should then measure the extent, and 
careftilly examine the different strata, of every field of 

* See Black's ** Account of the Drainage of the Estate of Spottiswode," 
Prise Essays of the Highland Soc.i N;S., vol. i., and *' Thoughts on Fer- 
tilizing the Soil.'' — Quart. Journal of Agric, N.S., toL vi. 
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which the latter may be composed ; takings at the same 
time^ the levels of each^ and usmg the auger freely for tlie 
search of under-ground springs. He will thus be enabled 
to ascertain the proper distance and the requisite depth of 
the main-drains, together with the number of cross-drains 
as feeders ; each of which should be distinctly marked out 
upon a plan of the ground. The price of labour and 
materials being known^ a correct calculation may then be 
made of the probable efficiency and cost of the operation ; 
from which the farmer may make up his mind as to the 
expediency of undertaking it, without being heedlessly 
drawn into those losses which have been so often occa- 
sioned by inexperienced drainers. If determined upon, 
the object is not unfrequently carried into effect by 
labourers who imdertake the work '^ by the job." It is 
however so much their interest to slur it over with as little 
trouble as possible, that they must be more than com- 
monly honest if they do not endeavour to cheat their em- 
ployer by doing it imperfectly. It is, therefore, perhaps 
better to employ day-labourers ; but, in either case, the 
operation should be committed to the inspection of some 
steady fellow, who must take care not to allow a foot of 
drain to be filled up without closely examining the manner 
in which it has been done.* 

A great degree of local observation regarding the nature 
of the ground, combined with practical knowledge and 
skill in the execution of the work, ijuaequisite in cutting 

* ** The doing the work insufficiently is often nearly as bad as the leaTing 
it undone. The defects of half-draining frequently cannot be diseoyered 
until a great loss has been sustained, and to remedy such defects it is for the 
most part necessary to make new drains entirely, which generally cost as 
much, and in many cases more, than the first outlay." '< As an instance in 
point — the expense of lifting drains which had been imperfectly formed in 
a field on the estate of Lord Strathallan, in Perthshire, and which had thus 
stopped or become &/(nr», and the water forced to the surface, was 16/. lO**) 
and the cost of new drains was only 13/. 14«."— Stephens on ** Furrow- 
Draining," Quart. Journal of Agric, N.9., vol. iii. pp. 381, 282. 
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off the water of the springs at their source. If not done 
effectually at firsts the drains must afterwards be deepened 
at considerable additional cost ; whereas one deep drain, 
if judiciously placed, wiU generally preclude the necessity 
of any other, and, should any doubt be entertained re- 
specting the proper depth, the safest way is to make it 
rather too deep than too shallow. This, howeyer, applies 
solely to those main'tpringsyirbich lie &r below the surface 
of the ground, for the injurious effects of land-springs are, as 
already observed, very commonly remedied by open drains. 
Aa these are apt to be dried up in summer, the &rmer 
is, notwithstanding, often reconciled to bear with their per- 
nicious consequences, and we thus see vast tracts of meadow 
left by this practice in a state of marsh : though it is a very 
iU-judged economy, as the expense of drainage would soon 
be repaid by improvement in the sward.* Whether these 
springs be perpetual, or only temporary, they should, 
therefore, be diverted &om the surface either by open or 
under-ground drainage ; and the latter, as being the most 
effectual, will, in the long run, be unquestionably found 
the cheapest. 

So various are the soik and situations of farms, and so 
many are the gradations between the extremes of light 
absorbent sands or gravels and cohesive clays, that no 
uniform system of drainage can be applicable to them all. 
Our object is indeed rather to excite attention to the sub- 

each ; which would not only swell this brief notice into a 
tedious essay, but would doubtless be also thought, by 

* •< There is a field on the estate of the Earl of Leicester, at Longford, in 
this county, which some years ago was occupied by Mr. John Sherratt, and 
brought forth rushes in such abundance that he gaye leave to anybody who 
would be at the trouble of mowing to carry them away. Three years ago 
the field was drained ; and this year we are told the present occupier, Mr. 
T. Robinson, has cut three tons an acre of as nice herbage as ever grew." 
—Derbyshire Chronicle, 25th July, 1S41. 
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^those who are professionally conversant with the subject^ 
to savour somewhat of presumption. 

It may^ however^ be observed, that those light loams, or 
sands and gravels intermixed with a portion of pure day, 
resting upon beds of gravel, and which compose the true 
*' turnip soils," rarely require draining : but in those which 
consist of sandy and gravelly strata, resting upon various 
kinds of clay (and comprising, perhaps, the greatest por* 
tion of the arable land throughout the kingdom), the water 
filters through them until it meets with the impenetrable 
Uyer by which its further progress is stopped. On this 
layer the drains should be placed, and sunk into it just so far 
as to allow a free passage for the water ; unless it should 
be very near the top soil, in which case the drains must be 
sunk still further down : but, if the soil be wholly clay, it 
will be useless to sink them lower than sufficient to guard 
the materials with which they are covered from being in- 
jured by the tread of heavy cattle ; or, in arable land, from 
being disturbed by the action of the plough. 

It is obvious that the depth of drains, and their distance 
from each other, must be governed by the nature of the 
soil. It is also evident that ^^ the flatter the surface, and the 
stiffer the soil, the greater wiU be the number required;"* 
and the intermixture of several different layers renders 
the drainage more complex and difficult to man^e than if 
the land consists simply of an upper and an under stratum. 
Generally speaking, however, it is thought that the object 
will, in most cases, be completely attained, if the main 
drains be carried to the depth of 30 inches to 3 feet, or at 
the most to 3^ feet — ^the depth of the smaller drains, or 
tributary feeders, being about 6 inches less. The main 
drains should be cut deeper than the side ones* in order to 
prevent the water in them from standing back when the main 

 Fenny Cyclopssdla. 
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is ML. It -will also, in most instances, be fennd more 
prudent to carry the main-drains diagonally, across the 
slope of any rising gronnd, than to dig them straight 
down the dedmty ; whereby a rapid fidl is occasioned, 
which is apt, in heayy rains, to sludge them up with 
earthy impurities, besides draining the water chiefly from 
one point: whereas, if placed in a slanting position, 
they will intercept it in its descent from eyery part 
of the land, and thus gradually collect a much larger 
quantity, without carrying along with it anything to choke 
their channel. Nor should the cross-drains be cut at right 
angles to the main receivers ; but made to join them in an 
oblique direction, tending downwards, so as to secure the 
course of the water in its passage to the outlet. Their dis- 
tance must, of course, be regulated by the state of the land ; 
for, if it be of a decidedly retentive character, the drains 
will not act effectually if more than 20 feet apart, and it has 
sometimes been found necessary to place them at only 12 
feet apart. If, however, it be of a porous species, they 
wiU act at from 40 to 50 feet asunder ; but from 18 to 30 
feet may be considered a usual average.? 

Notwithstanding what has been here said, it must be un- 
derstood that, if the ground be nearly level, every advan- 
tage should be taken of any declivity which it may offer ; 
and, if entirely flat, the drains should be constructed with 
a gradual fidl to the outlet into which the water is to be 
discharged, which, whether ditch or rivulet, should always 

* It has been held as a rule, to apportion the area of all drains to their 
lengthy decliyity, and distance from each other. Thus, supposing the length 
to be 200 yards, and the distance from drain to drain 18 feet, the square 
feet of sarfaoe receiiring rain-water in 24 hours will giye 1800 cubic feet of 
rain-water ; and taking the sectional area of the smallest, or 2^ to 3 inch 
tiles, at 7*5, and the water moying in this aperture at the rate of one mile 
per hour, the number of cubic feet discharged by the drain in 24 hours will 
be 6600, or nearly four times as much as is necessary to carry off a surface 
fall of two inches of rain. See Prize Essays of the Highland. Soc, N.S., 
YoL Ti. p. 94. 
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have a deeper bottom than the drain, itself. To secure 
this regular descent^ so that the water may run from 
one end to the other of the drain, without its being in any 
way impeded or suffered to stand dead, is a mjatter of 
serious importance. Although every one knows that water 
will flow at a very slight inclination from its level, and 
it may be true that ^^ there is more danger attending the 
greater than the lesser &11/' yet the exact rate at which the 
proportion of that incHnation should be ]measured in making 
drains on level ground — or tl&e fall which they should have 
in order to the attainment of their object — has given rise to 
considerable variance of opinion among professional m^n, 
Thus, in the ^^ Fenny Cyclopaedia,'' one foot is stated as 
sufficient fall for a drain of 300 feet in length, provided 
the drains be not more than 20 feet apart. One writer 
assumes that ^^ a fall of one inch in 20 feet is sufficient ;* 
while another insists that '^ no drain should have a fall 
of less than one foot in 75;"t others again, one foot in 
100, up to 150 ; and one gentleman, in treating of tile- 
draining, says, that " TUe-drains will act with very little 
&11 ; one foot of fall in every 1000 feet in length will be 
perfectly safe; though it is best to have one foot of fall 
to every 300 feet of drain.";|; 

Although admitting the superiority of tiled drains in 
allowing a free passage to the water, yet the soundness of 
his view of the subject may be doubted; and, on dis- 
cussing it with an eminent land-surveyor (Mr. Deane, of 
Tottenham) who has been extensively engaged in drainage, 
he stated, " that in the course of his practice he always 
found those hollow drains to continue longest serviceable 

* Carmichael, of Baploch Farm, on Tile-Draining. — ^Priae Essay of the 
Highland Soc, N.S., rol. yi. p. 80. 

t Thoughts on Draining. — Quart. Joum. of Agric, N.S., toI. iii. p. 88. 

X Wilson on Tile-Draining. — Prize Essays of the Highland Soc.| N.S»» 
Tol. tI. p. 1 14. 
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which bad a good ftll ; and that he would recommend not 
to he too sparing in giying them suck a ML, whenever the 
circumstanoeB of the case would admit." Perhape, there- 
fore» a decIiTity of one fi>ot in 120 may he sufficient to 
secure a proper current in the main : paying attention at 
the same time to the fiict, that^ if the water does not run 
at increased speed towards the hottom of the drain, it will 
prohaUy occaaon depositee of sediment 

It should also he observed that if the field be of large 
size^ receiving drains^ or ditches, must be opened at differ- 
ent distances — say net farther apart than 200 to 300 feet ; 
for otherwise the necessary artificial fall of the drain at the 
rate of one foot in 120» would bring its excavation to an in« 
convenient depth, even if the outlet be deep enough to re- 
ceive it ; besides occasioning such a collection of water as 
during continued rains might endanger its safety by causing 
it to burst. 

A great portion of the heavy arable ground throughout 
the kingdom is rounded-up into permanent ''lands/' of 
various breadth and height, according either to its wetness 
or to the custom of the country ; with the intention of 
causing the rain-water to run from the surface into the 
ftuTows, which act as BO many open drains in carrying it 
off. It is thus not unusual to see good crops of com grow- 
ing on the crown of these ridges> while their sides, being 
bared of the best soil by its collection on the top, are ren- 
dered comparatively worthless, and the crop inferior in 
both bulk and quality; whereas, if the lands were well 
under-drained> the height of the ridges could be reduced, 
and, the soil which is taken £rom their sides being then re- 
placed, the crops would be found equal in every part. This, 
it is true, is sometimes done, and always with good effect ; 
but those covered drains are most commonly sunk in the 
furrows, with a view of saving labour, although they could 
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often be more judiciously placed in a different direction, 
and in no case should their distance be influenced by the 
size of the lands^ as these are in many instances no less than 
30 feet wide, and drains may be necessary at half that 
width. This, however, must not be construed into a re- 
commendation of altering the form of the lands^ which is 
always a difficult and frequentiy an unprofitable operation ; 
but even when their size, and the inclination or bend of 
their declivity, are in every respect unobjectionable, and the 
course of the furrows such as a surveyor would approve, it 
might perhaps be better to sink the drain in the very centre 
of the ridge. Some intelligent farmers, indeed, place them 
within three or four feet of the farrows, and find that plan 
very advantageous. Should the drains be, nevertheless, 
made in the furrows, then care should be taken to sink them 
a few inches deeper than if made in level ground ; in order 
to prevent the injury which might otherwise be occasioned 
by the tread of horses at plough, when steppiag in the 
trench. Nor should the covering materials which are 
placed over the water-channel be formed merely of the soil 
which has been dug out of the drains ; for if that be loose 
earth, it may find its way into the channel and choke it up ; 
or, if it be clay of an impervious nature, and trodden down 
by the working of the cattie, it will materially impede the 
good effect of the drainage. 

Among the many expedients which have been resorted 
to for die purposes of under-drainage, none has been longer 
or more universally employed than stones ; and, in situa- 
tions where they can be found in sufficient abundance 
upon the land, of a smooth, rounded form, not larger than 
the size of a man's fist, they will no doubt continue to be 
used, as good and durable drains can, in that case, be 
made with them at moderate cost. But if they are to be 
quarried, or to be carried from any long distance, they 
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became so expensive that many persons have given them 
up ; not only in consequence of that objection^ but of others 
'^bich will ,be hereafter stated. Schemes have also been 
adopted — such as the filling up of the conduits with peatj 
or with bands of twisted straw — and there is one, called 
^^ wedge" or ^^ plug-draining/' which has been within these 
tew years rather extensively used in some of the strong 
clays ; to which alone it is applicable, and better adapted 
to pasture than to arable land. 

The operation is commenced by cutting a turf of 12 
inches wide and 6 inches deep, followed by other cuts at 
such an angle down the side of the intended drain> as will 
leave the bottom (at 2 feet deep) only li inches wide ; 
into which the plug is inserted. This is e?:actly fitted to 
the channel of the drain, and formed of several pieces of 
wood, each being 6 inches long by 3^ wide at the top, 
and If at bottom; coimected by iron links, and drawn 
by a chain. Upon this the day which has been thrown out 
is replaced, and rammed down upon the plug into as solid 
a state as possible ; after which the plug is withdrawn and 
the operation repeated. The process is comparatively 
cheap, but more difficidt of perfect execution than may 
perhaps be imagined, and cannot be recommended as either 
effectual or permanent ; for it must evidently be very sub- 
ject to break in, and, should any such accident occur, it will 
not only stop the drain, but that cannot be repaired with- 
out its being entirely re>made« as the plug must be drawn 
out to its very end, and cannot be lifted from the ground."" 

* Where it has been saccessful it has, however, had such good effects, 
that land which in wet seasons inyariably rotted every sheep put upon it 
is now stocked without any occurrence of such casualties ; and mowing has 
commenced a fortnight or three weeks earlier than before it was drained. 
See Farmers* Mag., N.S., vol. ii. p. 98, and vol. xv. p. 67, of the " Papers 
of the Bath and West of England Society," in which it is stated that on a 
farm where green crops formerly rotted on the ground, 800 sheep are now 
fed on turnips throughout the winter. 
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In order to correct^ bo far as possible^ the imperfections 
in these various modes, as well as in the rumbling drains 
to which allusion has already been made^ the system of Tik^ 
drainage was introduced some thirty years ago, and has since 
been found so much more effectual^ that it has almost 
tmiyersally superseded every plan except that of stone- 
draining, and is now generally employed throughout those 
wide districts which are still in want of improv^Doient. On 
the commencement of tile-draining great objecticms were 
made to it> from the suspicion that the tiles would decay ; 
and the outlay of money for their purchase startled both 
the landlord and his tenant. In process of time, how* 
ever, it has been found that drains thus constructed many 
years ago are. now as perfect in their c^ration as when 
first formed. It has, indeed, been ascertained that good 
tiles do not perish in the drains ; and it has been seen in 
die account of improvements on Lord Hatherton's property, 
as well as in the pubUshed statement of the drainage of the 
Netherby estate, (on which some thousands of acres of 
otherwise unproductive land have been rendered perfectly 
dry, and fit for every operation of husbandry by the 
{MTOcesB of tile-draining,) that, when there is occasion to 
lift any of the drains, the tiles are found in the same 
perfect state as when they came out of the kiln.* 

It must, however, be observed, that really ''good 
tiles'' are essentially requisite ; for if only one of them 
becomes decayed or broken, it stops the ciurent of the 
water on the spot where it stood, and the injury cannot be 
discovered until damage, of sometimes a very serious 
nature, has been occasioned. The operation of draining, 

* See "An Account of Draining by means of Tiles, as practised on the estate 
of Netiierby, in Cumberland, the property of Sir James Graham, Bart., M.P.," 
communicated by JohnTule, Esq., of 01ingerbank.~>Priie £ssays of the 
Highland Soc, N.8., toI. 1. 
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although amply retnnung the oaUay, yet being yery ez- 
peiiffi.Ye> it is extremely impoartftnt to ascertain not only 
the costj but the intrinaic yalue of the tiles when made. 
Piuchasers should, therefore, be cantions ; for, if induced 
by comparatiTe smaUness of coat to use those of an inferior 
quality, they may have cause to find in the course of time 
that they haye been actuated by &lse economy. 

The more compact the tile is made, the stronger it wiU 
be^ and the more pressure it will bear the better. It should 
not appear porous ; and^ if struck upon by the knuckle, it 
should, if well made, emit a metallic sound. Being, how- 
eyer, usually made by hand, and yery generally by persons 
who neither understand the kind of day which should be 
used in the formation of a tile which will last without decay, 
nor possessed of sufficient capital to work the clay during 
the time required for producing it of proper quality, 
thousands are daily made which are not trustworthy: be- 
ing not only imperfectly moulded, but, '^ being either too 
much or too little burned, a night's frost has been known 
to break the whole tiles laid down in a drain.'** The 
making of tiles demands, indeed, more time, and con- 
sequently more capital, than may be generally imagined. 
When the proper sort of day has been discoyered, it is 
usually dug up during the course of the year for the entire 
eu|q^ly of the ensuing season ; being turned carefully oyer 
about the preceding Martinmas, to receiye the benefit of 
the atmosphere throughout the winter. In spring the 
process of tempering commences, and the tiles are not 
manufactured until the foUowing summer, as large quan- 
tities can only be conyeniently dried ru fine weather. 

* Thoughts on the Extension of Draining. — Quart. Joum. of Agric, 
Yol. tI., N.S., p. 330. The effect ofowf^^mmff is howeyer merely that of 
rendering the tile brittle ; but if under-burned it then imbibes moisture, 
which, when frozen and afterwards thawed, occasions it to rot and &11 to 
pieces. 
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It must be evident to comprehension that any common 
manufactured article of general use^ which requires regu- 
larity of both consistency and form^ can be better made by 
machinery than by hand. In the making of tiles particu- 
larly^ the compression of the clay^ which constitutes their 
strength and durability, can be much more effectually per- 
formed by the power of a well-constructed machine than 
by hand labour ; and^ being equal in point of solidity^ no 
single one is more subject to decay than another. This 
guards them &om the frequent occurrence complained of 
in common tiles, of drains being stopped by the falling in 
of an ill-made one. They are also less subject to breakage ; 
and, being all formed alike, they can be accurately fixed in 
the drains. Patents haye, therefore, been taken out for 
effecting this desirable purpose upon an improyed principle ; 
one of which, inyented by the Marquess of Tweeddale, 
has been purchased by a company, and brought into yery 
general use. 

It is a powerfol machine, worked by either horse or 
steam power, compressing the clay with such force as to 
render it fsir more solid and durable than any tiles made 
by hand. It also moulds them with extreme accuracy, and 
cuts them of a length to hum 15 inches ; whilst if those 
made by hand exceed 13 inches, they are apt to crack, 
and become so warped in their openings, when burnt, as 
often to prevent them from being set firmly in the 
ground. Now, although price is of importance, durability is 
greater ; and the advantage resulting from increased length 
will be apparent upon calculating the quantities required 
to drain a given distance : for instance, say an acre, with 
trenches 15 feet apart, being equal to 176 rods, would 
require — of 15 inch tiles 2323 

12J „ 2788 
12 „ 2904 
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It appears tx) us, indeed, to be the only invention, for 
die object which can be justly termed a machine: for, 
although ingenious contrivances have been put forward 
under that denomination, they may be more fairly called 
serviceable tools, as they only cause some saving of labour 
in the preparation of the clay, while the tile is really 
moulded by hand in the ordinary manner ; and we feel 
convinced, upon the most careful investigation, that it has 
a decided superiority over every other mode.* 

The Tweeddale machinery is of very simple construc- 
tion, and may be briefly described as follows : — 

A trough of the exact width of the intended tile is placed 
at the head of the machine. Into this the clay is put by a 
workman, and drawn through two revolving cylinders, 
which compress it so forcibly as to render it extremely firm 
and solid. The clay, thus flattened to the required thick- 
ness by the rollers, is then drawn forwards by the machinery, 
and passed through moulds, which form it into whatever 
shape may be required ; the tile being at the same time cut 
by the action of the machine to any desired length. Thus, 
every tile being pressed in precisely the same manner, 
passed through the same moulds, and cut off at exactly 
the same length, they all acquire an equal uniformity of 
8126^ strength, and stability, not to be attained to a similar 
extent by any other known mode of manufacture. 

The tiles, being now made into form, are carried away 
by an endless web of canvass, over rollers which are turned 
by the same machinery, and thus travel of their own accord 
between sheds erected for their reception ; in which they 

* In that opinion the writer is joined by that experienced manufacturer, 
Mr. Boyle, of Ayr, in his Essay upon Drainin^tiles, published in the 
" Prize Essays of the Highland Society" (No. xxxvii. p. 18), in which he 
thus expresses himself: *' If the machine lately invented by the Marquess 
of Tweeddale comes into general use, (which, from what I know of it, it will, 
1 feel confident), it will supersede moulding by manual labour, as it produces 
a tupeiior article at a much less expense." 

C 
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are placed in rows on either side by labourers stationed 
for that purpose, and are there kept until dried sufficiently 
for the final operation of burning. 

By this means, four or five men can, with ease, make in 
a day from 8000 to 10,000 tiles ; and when formed of good 
clay, and properly burned, they become so densely com- 
pact, that, if properly planted in the soil, it may be safely 
affirmed they would last almost for ever. Nor is durability, 
after the tiles are laid down, the only advantages in their 
construction ; for every one who has used those made by 
hand will have experienced the great loss arising from 
breakage, in consequence of their want of firmness, both in 
their carriage from the tile-yard and by the labourers 
employed in putting them into the ground. 

The size and form of the tiles and the soles (with 
which they are generally accompanied) are nearly the 
same as those in common use, with the exception of 
their length, which is 15 inches, instead of 12 to 13, as 
made in the ordinary mode ; and the following table will 
explain the difference of number required by each sort for 
draining an acre of land at various distances : — 

12 in. Tiles. 12J in. Tiles. 13 in. Tiles. 15 in. Tiles. 



( 



3630. .At 4 yards apart. .3484 . .3351 . . 



..2788 2681.. 

..2323 2234.. 

..1991 1914.. 

..1742 1675.. 

..1549 1489.. 

.. 1394... i.. 1340.. 

..1267 1218., 

..1161 1117.. 

Thus making a difference of 20 to 25 per cent, in &Toiir of 
the Tweeddale tiles. 

Their prices vary, of coarse, with the cost of fuel and 



2904.. 
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do. 


2420.. 
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do. 


2074.. 
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do. 


1815.. 


8 


do. 


1613.. 


9 


do. 


1452.. 


10 


do. 


1320.. 


11 


do. 


1210.. 


12 


do. 



.2904 
.2323 
.1936 
.1659 
.1452 
.1291 
.1162 
.1056 
. 968 
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laboTir, but are considerably lower than those of the tiles 
usually mannfactured in the neighbouring districts; the 
c6nipany being enabled by their machinery to work not 
only cheaper^ but better^ and being satisfied with a less 
profit upon their large capital than would justly satisfy an 
individual. Indeed^ the extensive demand among the 
great landholders- at the present establishments of the 
company, (of which there axe now, we beKeye. upwards of 
twenty in active employment in various parts of the king- 
dom,) and the patronage of the Commissioners of "Woods 
and Forests, afford sufficient proofs of their superior value. 

Land-draining, being, in fact, not only a tedious and labo- 
rious, but also in most cases an expensive operation, shotdd 
never be imdertaken but with a determination to do it 
effectually, by employing the best modes of workmanship 
and material ; so as to ensure, as far as possible, the per- 
manent improvement of the soil. Stone-drainage has that 
efiect ; but accompanied with these objections : — that the 
drains require to be sunk deeper than those of tiles ; and 
that, in case of dead-levels, the fall must be made greater 
than when performed with tiles ; also that vermin are apt 
to burrow in them ; and, if the drains be set near to trees, 
the roots are attracted by the moisture, and the fibres, 
inserting themselves between the stones, sometimes fill up 
the conduit. There is also this great disadvantage attend- 
ant upon it: — ^that, as the operation is usually deferred 
until winter, when the ground is in a wet state, the land 
becomes so poached by the cartage of the heavy loads of 
stones which must be carried upon it, as frequently to 
injure meadow, and to occasion in arable land a serious 
increase of difficulty in the working. 

The main objection, however, is the expense of carriage, 
which is frequently so burdensome as to occasion a pre- 
ference to the employment of tiles. It has, indeed, been 

c2 
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stated by a very experienced drainer, that, " taking the 
cost of carriage at &. per day for each man and horse, 
and supposing the materials to be equidistantly situate'd 
from th,e respective drains, so that one cart conveys five 
loads of tiles and the other five loads of stones in the day, 
one cart, proportionally filled with 14-inch tiles and soles, 
will lay upwards of 100 yards of drain;. while one cart, or 
cubic yard, of stones will only lay 18 yards of a similar 
sized drain, viz. 6 inches by 12: being a saving of labour 
of six to one in favour of tiles.''* 

It may, indeed, be difficult to decide upon the compara- 
tive merits of tile and stone drainage, and the expediency 
of either must in most cases be governed by circumstances 
dependent upon the facility of procuring either the one or 
the other. A preference to the former is however not 
only given by the gentleman who has been just quoted, 
but also by several other eminent professional writers on 
the subject, who thus express themselves : — *' I conceive, 
were burnt tiles laid on thick soles, and covered with turf, 
they would be preferable to stones, unless a sufficient 
quantity be used, and found within a mile of the opera- 
tions/'t '* A tile and sole, with a few inches of stones, 
is the neplus ultra of draining. I would recommend tiles 
to landlords who give any assistance to their tenants in 
draining, because they scarcely can make a bad drain with 
them, and seldom make a good one with stones, the carting 
of stones obliging them to neglect their other work." + 

In enumerating the comparative advantages and disad- 
vantages of using tiles or stones in the execution of drains, 

• Carmichael, of Raploch Farm, on Tile-Draining. — ^Prize Essays of the 
Highland Society, N.S., No. xxxviii. p. 97. 

t Stephens on Furrow-Draining.— Quart. Journal of Agric, N.S., rol. 
iii. p. 293. 

.X Stirling, of Glenbervie, on Tile-Draining.— Prize Essays of the HigH- 
land Society, N.S., No. xxxviii. p. 108. 
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another also states^ that^ ^^ if tile-drains are carefully exe- 
cuted^ they will be found in eyery respect equal, if not 
superior, to the best stone-drains." * 

In the account which has been already mentioned, of the 
Netherby estate, it is there also stated, that, *' from esti- 
mates, which are strictly correct in practice, it would 
appear that, even supposing tiles are to be carried to the 
£eld to be drained a distance of three miles, or even more, 
and that a stone-quarry existed in the field itself, the 
drainage by means of tiles is by far the cheapest." 

Tiles are, indeed, very generally thought to be, " when 
properly made and well burned, not only the handiest but 
the best material for setting in the bottoms of drains ; for 
they ensure such a clear water-course, that a drain of two 
feet deep, set open at the bottom, is more eflTective than one 
four feet deep filled with rubble, and is not half so expen- 
sive/'f They should, however, be invariably laid upon soles 
of about half an inch wider than the tiles, to guard them 
from slipping ofif; that mode being found far superior to 
that of laying them upon a naked bottom, both as seeming 
them from sinking into the soil, and preventing the intrusion 
of moles, which will otherwise burrow under the tiles in 
search of earth-worms, upon which they feed, and some- 
times occasion incalculable mischief. To prevent their 
sinking, tiles are often formed with flanges, or broad 
shoulders to rest upon ; but the most obvious remedy to 
obviate the inconvenience is to lay them firmly upon soles, 
in the manner of a pavement ; and> in sandy soils particu- 
larly, it is a necessary precaution. 

In laying tiles and soles, the most usual mode is to place 
them along the edge of the drain, the tUe-layer then fixing 
them alternately in close and regular order ; uniting them 

* WiUon on Tile-Draining.— Prize Essays of the Highland Soc, N.S., 
No. xxxTiii. p. 121. 

f On Underground-Draining. — Quart. Journal Agric, N.S., Tol. v. p. 234. 
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at tlie same time so accurately as to guard against any ob- 
struction to the stream of water ; he having his face to the 
work, and moving backwards until it is finished. The 
farmer should, however, careftdly inspect every foot of the 
drain before he allows it to be covered. 

The manner of connecting the main and minor drains 
together i though but little attended to, ought to be correctly 
done. A very common mode is to break off the comer 
from a main tile, for the purpose of inserting into it the 
end of one of the lesser sort, and allowing the water to 
enter; in doing which the tile frequently breaks to pieces, 
thus occasioning both waste and trouble : or else a small 
space is left between two tiles in the main where the minor 
drain enters, and the aperture is covered with broken 
pieces. A better mode is, to leave an opening in the side 
of as many as may be required, for the insertion of the 
smaller ones, of the exact size of the mouth of the latter; 
but, in either case, care should be taken to slope tlie bottom 
of the cross-drain gently down to the main receiver, so that 
their junction may be accurately effected. 

In regard to the covering of drains^ even experienced 
practical men are not agreed. The greater part, indeed, 
recommend some such porous material as peat, brushwood, 
tough haulm, or gorse, to be laid over them, to the depth of 
ten or twelve inches, before the return of the top-soil ; as that, 
if it be a tough clay, will, they say, prevent the filtration 
of the water, and partly impede the operation of the drain. 
While some assert, that, ^' however strong the clay may be, 
it will not prevent the percolation," for, according to an old 
adage, " if one drop of water finds its way down, two will 
be sure to follow ;" and a few, as we have seen in the 
account of wedge-draining, prefer the ramming down of the 
top-soil, even of the strongest nature, immediately over the 
drains. It must be admitted, on the part of the latter, that 
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the effect of drainage will| in no great length of time, 
render the entire of the land so permeable, that the action 
of the drain will not then be seriously obstructed. The 
system advocated by the former is, nevertheless, the most 
prudent; and we learn, from some very experienced drain- 
ers, that, when the clay has been laid upon the tiles, it not 
only retains the water, but has been found to produce more 
rushes immediately over the drains than on any other part 
of the field. Perhaps small round stones, or clean gravel, 
if they can be easily had, are the best covering for the 
drain^ if the soil be clay ; or, if permeable, it may be safely 
thrown back ; but> whatever material may be used, a green 
turf, cut thick, turned the grass side doMoiwards, and put 
next the tile, between it and the covering, will be found a 
good precaution to secure it from damage. 

It has been remarked by a late writer on agriculture, 
that, " were draining universally effected, the whole of the 
now comparatively unproductive soil of the country would 
to a vast extent be rendered capable of receiving the bene- 
fit of numerous modes of fertilizing it. Its returns are im- 
mediate as well as compensative ; and to hesitate to drain 
the land is to hesitate to confer a benefit upon oneself." 
This is no doubt true when applied to the owners of the 
fioU, but cannot be fairly urged to tenants ; for no farmer 
under a rack-rent can be expected to expend his capital in 
making permanent improvements on another man's estate ; 
and, even if his land be held upon more favourable terms, 
the proprietor should bear a fair proportion of the charge. 
Landlord and tenant have, in fact, no separate interest : 
they are united in one common bond, and, if they do not 
act together for their joint interest, they will both equally 
suffer. The landlord, however, has the greatest portion at 
stake in the profit arising from the melioration of the pro- 
perty, for it remains to him and his descendants for ever. 
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while the tenant can only reap benefit from it during the 
duration of his lease. 

The term of that lease should, however, govern the 
amount of mutual remuneration ; for the landlord has an 
undoubted right to share in the profits of the tenant who is 
farming his property, in a due proportion of increased rent. 
It is, in fact, a bargain between man and man, without refer- 
ence to rank, and should be governed by the just, as well 
as liberal, trading principle of " Live, and let live." 

The landlord, therefore, in some cases either pays the 
whole cost, for which he charges an additional rent ; or, 
more usually, supplies the tenant with tUes at the cost 
price, merely charffinff interest on the amount : the farmer 
carrying them from the manufactory and bearing the 
charge of labour.* An arrangement, it may be observed, 
which is conducive to the interest of both ; for, if the land- 
lord is to have the future benefit arising from the improve- 
ment of the soil, the tenant enjoys the present profit of 
working it. But, whether looking to present or friture 
advantage, if the landlord has not in his employment a 
careful and intelligent steward resident on the estate, 
he will do wisely to have the operation performed under 
the inspection of a trusty well-informed baili£ in a manner 
to render it substantially durable. In doing so, he need not 
be alarmed, for it will assuredly repay the expense. He 
will not only be reimbursed by the certainty of obtaining 
a higher rent for his land, when put into condition by 
drainage, but it also can never want a tenant; for the 
farmer not only works cheerfully on a soil of that improved 

* With this yiew, a large manufactory for draining-tiles, on the Tweed- 
dale Patent, has been established on the estate of Earl Grey : and his Lord- 
ship, with that prudence and liberality by which he has ever been distin- 
guished as a landlord, has instituted an expensive process of draining, at 
his own cost, for which outlay the tenants pay only common interest— 
JToum. Q^ tke Roy, Ag, Soc, of England^ vol. ii. p. 159. 
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nature^ but receives a more certain as well as a larger 
return for his industry and capital. 

One would suppose that, viewing all these advantages, 
not an acre of wet land would be left undrained of the 
ten millions which are supposed to stand in need of that 
improvement in this country. But, although alive to the 
increased value which it would impart to the soil, yet 
the undertaking is sometimes impeded by disagreements 
between landlord and tenant, both regarding the cost of 
drainage and the terms of lease ; as well as by difEculties 
occasioned by the settlement of many entailed estates, 
which render the life-tenants disiuclined to incur the 
charge. This, however, wiU be partly remedied by a late 
enactment of the legislature, enabling the owners to defray 
the expense of draining by way of mortgage. In addition 
to which, a clause wiU probably be moved for in the next 
session of parliament, by the gentleman who introduced the 
bill, to extend its provisions to ecclesiastic, collegiate, and 
corporate property; — ^perhaps also avoiding the expensive 
mode of applications to the Court of Chancery ; and it will 
no doubt be extensively aided by an institution, now in 
the course of formation, for the employment of capital in 
the draining of land upon the principles laid down in the 
Act : the recitals of which are hereunto annexed. 
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4th August, 1840. 

An Act to enable the Owners of Settled Estates to 
defray the Expense of Draining the same by way 
of Mortgage. — Cap. Iv. 

'^ Whereas much of the land in England and Ireland 
"woidd be rendered permanendy more productive by im- 
proved draining, and nevertheless, by reason of the great 
expense tbereof, proprietors having a limited interest in 
such land are often unable to execute such draining : 
And whereas it is expedient, as well for the more abundant 
production of food, as for the increased employment of 
farming labourers, and the extended investment of capital 
in the permanent improvement of the soil, that such pro- 
prietors should be relieved from this disability, due regard 
being had to the interests of those entitled in remain4er : 
Be it therefore enacted by the Queen's most Excellent 
Majesty, by and with the advice and consent of the Lords 
Spiritual and Temporal, and Commons, in this present par- 
liament assembled, and by the authority of the same, that 
from and after the passing of this Act it shall and may be Jf "JJJiJ 
lawful for any tenant for life, or for a term determinable apply to 
on his or her life, under any will, settlement, or other like Court of 
disposition, entitled in possession at law or in equity to any Chancery foi 
lands in England or Ireland, (or the guardian or guardians ^*y® \^ ^ 
of any infant, on the behalf of such infant so entitled as provements., 
aforesaid,) to apply by petition to her Mdesty's Court of 
Chancery or Exchequer in England or Ireland for leave to 
make any permanent improvements in the lands to which 
he or she shall be so entitled, or any part thereof, by 
draining the same with tiles, stones, or other durable 
materials in a permanent manner; and in every such 
petition shall be specified the improvements proposed to 
be made, and the estimated cost thereof, and of all matters 
incidental thereto; and every such petition shall be re- 
ferred to a master of the said Court of Chancery, or to a 
master, or in Ireland to the chief or second remembrancer, 
of the Court of Exchequer, to inquire into and ascertain the 
propriety of such improvements being effected; and such 
master or chief or second remembrancer shall and he is 
hereby required to call for such plans and estimates and 
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specifications in relation to the said proposed improvements 
as he shall think fit; and the master or remembrancer 
shall make his report respecting such proposal ; and the 
court to which any such application shall be made shall 
make such order upon such petition and report as such 
court shall think fit. 



opy of pe- " II. Provided always, and be it enacted, that a copy of 
tion to be every such petition shall be served twenty-one days at the 
irties in- ^®^^ before the hearing thereof upon the person or per- 
rested. sons beneficially entitled at law or in equity to the first 
vested estate of freehold of inheritance in remainder after 
the estate of the tenant for life, but if any of such persons 
shall be of unsound mind, or under the age of twenty-one 
years, or under any other legal disability, or beyond the 
limits of the United Kingdom of Great Britain and Ireland, 
then a copy of such petition shall be served on his, her, or 
their behalf, upon such person or persons respectively as 
the said Court of Chancery or Court of Exchequer to'which 
the said petition shall be preferred shall appoint for that 
purpose ; and every person upon whom a copy of any such 
petition shall be so served shall be at liberty to attend be- 
fore the master or remembrancer to whom such petition 
shall be referred, and to consent or object to the proposal 
contained in such petition; and any person appearing 
before the master or remembrancer on any such petition 
may also appear before the master or remembrancer, pre- 
viously to his signing any such certificate as after men- 
tioned, for the purpose of producing any objection to the 
mode in which any such improvements as after mentioned 
may have been executed ; and all the costs attending any 
such application, and of the party so served, shall be paid 
by the party making such application as aforesaid. 

enants for « III. And be it enacted, that if it shall appear to the 
fe may satisfaction of such master or remembrancer, on the report 
rovemeots. ^^ ^^^ ^^ more surveyors to be appointed or approved of 
by the said master or remembrancer, that it will be for the 
benefit of such lands that they should be so drained, and 
such report shall be confirmed by the said court, then it 
shall be lawful for the tenant for life, or such guardian or 
guardians as aforesaid, who shall have presented such 
petition, to make and execute such improvements accord- 
ingly. 
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" IV. And be it enacted^ that in every case where the After im- 
said Court of Chancery or Exchequer shall have made an provements 
order sanctioning the execution of any such improvements |°*^®» Court 
of any lands, and such improvements or any part thereof ^ j^j^j. money 
shall have been made accordingly, it shall be lawful for has been 
the master or remembrancer whose report shall be so con- properly ex- 
firmed by the said court, by a certificate under his hand pended, and 
to be filed in the said court, on having satisfaction that the be chareed.^ 
money had been properly expended, to authorize any such 
person so entitled as aforesaid, or the executors or admi- 
nistrators of such person, or such guardian or guardians of 
such infant as aforesaid, by deed in writing, to charge all 
or any part of the lands so drained as aforesaid, or any 
other lands subject to the like uses or trusts as the lands 
so drained, with the payment to any person or persons 
willing to advance the same of the amount of the money 
which may have been so expended, and so from time to 
time as any money shall be so expended, together with 
interest thereon after any rate not exceeding five pounds 
per centum per mmum from the time of making the charge, 
but so nevertheless that in any such charge it shall be 
provided that the principal sum charged shall be paid oS 
by equal yearly instalments, such instalments not to be 
less than twelve nor more than eighteen, the number of 
such instalments to be determined and recommended by 
the said master or remembrancer in his report, and such 
number of the said instalments to be diminished or in- 
creased at the discretion of the said master, according to 
the greater or less improvement shown to have been made 
by such draining ; and for the purpose of securing such 
moneys to be so charged it shall be lawful for the person 
making such charge to demise the hereditaments to be 
charged for any term or number of years, by reason 
whereof the rents and profits of the said hereditaments 
shall be applicable to the payment of the said moneys so to 
be charged as aforesaid, but so as such term be made to 
cease on the payment of the moneys charged : Provided 
nevertheless, that such person making such charge, and 
every succeeding tenant for life, or tenant for term of 
years determinable on his or her life, shall be bound to 
keep down the interest and instalments to be charged, or 
any rent-charge to be charged as after mentioned; and 
the lands charged shall not (except as against any tenant 
for life or other person liable to pay such instalments and 
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interest or keep down such rent-charge) be liable to pay 
more than six months of any interest and one half of any 
instalment, or pay more than half a year's rent-charge, 
which is hereby directed to be kept down as aforesaid : 
Provided nevertheless, that if any person shall be willing 
to advance to any person hereby authorized to make such 
charge as aforesaid the amount he or she may be so author- 
ized to charge in consideration of a rent-charge for a term 
of not less than twelve nor more than eighteen years, then 
such person so authorized to charge, instead of charging 
the said hereditaments with such instalments and interest 
as aforesaid, may charge the same with a rent-charge for 
any such period as aforesaid, so as that the said master or 
remembrancer shall in his said report approve of the sub- 
stitution of a rent-charge, and of the amount to be charged, 
and shall ascertain and determine the number of years for 
which the same shall be granted (such number of years 
to be ascertained in the same manner as is before directed 
with respect to the ascertaining the amount of such instal- 
ments as aforesaid) : Provided also, that no person shall 
be entitled to make any such charge as aforesaid unless it 
shall be stated in the report of such master or remem- 
brancer that it hath been made to appear to him by the 
report of such surveyor that the annual value of the lands 
so drained is increased by such draining to an amount 
equal to seven pounds per centum at least on the sum to 
be charged. 
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